For the high-luminosity phase of LHC (Large Hadron Collider) at CERN a campaign was started in the CMS (Compact Muon Solenoid) experiment to investigate different radiation hard silicon detectors. Therefore 6" silicon wafers were ordered to answer various questions regarding for example the radiation tolerance and the annealing behavior of different sensor material. The testing variety includes sensor versions n-in-p and p-in-n in thicknesses from 50 µm to 300 µm. In terms of sensor material the difference between floating zone, magnetic Czochralski and epitaxial grown silicon is investigated. For the n-in-p sensors, the different isolation technologies, p-stop and p-spray, are tested. The design of the wafer contains test structures, diodes, mini-sensors, long and very short strip sensors, real pixel sensors and double metal routing variants. The irradiation is done with mixed fluences of protons and neutrons which represent the rates of integrated hadrons that are expected in the CMS tracker after the LHC upgrade. This paper presents an overview of results from measurements of non-irradiated test structures with different technologies and also the results after irradiation. 
Motivation 1
The LHC high luminosity upgrade will introduce an increase of the luminosity to L = 5 · 10 34 cm −2 s −1 by about concentration, and therefore is expected to be more radiation hard. The benefit of the epitaxial grown (Epi) silicon is 20 the possibility to produce thin sensors. The variety covers thicknesses from 50 µm to 320 µm for n-in-p and p-in-n 21 sensor types. For the n-in-p sensors, two different strip isolation technologies are tested. The sensor types named with 22 letter P (p-stop) use a p + layer between the n + strips to intercept the electron accumulation layer, whereas sensor types from the measurements on the diodes. The interstrip parameters are taken from test structures consisting of strips.
36
For the interstrip capacitance measurement, the bias ring is connected to the strips with a polysilicon resistor. This 37 structure is labeled with CAP AC. In contrast, the interstrip resistance is determined with the CAP DC structure.
38
As a polysilicon resistance would distort the interstrip resistance measurement, the strips of this structure are isolated 
Bulk dark current

46
The bulk dark current is measured on diodes. as reported in [3] . 
Interstrip parameters
58
The results of the interstrip capacitance show a distinct dependence on the substrate materials. The absolute 59 capacitance values for the floating zone and magnetic Czochralski grown silicon are higher by a factor of 2 compared 60 to those of the epitaxial grown material. The interstrip resistance for all materials is larger than 100 GΩ with no 61 significant differences related to material or thickness. The electron microscopy shows that a thin layer of the dielectric oxide consists of a thermally grown oxide as it also 66 extends into the bulk. The thicker part of the oxide has been grown by deposition. The dielectric layer is fabricated 67 with a 280 nm thick S iO 2 and a 50 nm thick S i 3 N 4 layer. 
Results for irradiated test structures
69
The expected fluence, which will be reached after the high luminosity upgrade of LHC, has been calculated, and 70 these numbers were used to plan the irradiation steps. The selected steps can be found in Table1 [4] . As the fluence 71 depends on the radial distance from the interaction point, different irradiation steps are performed. For lower particle
72
fluence the thicker materials are tested, whereas for higher particle fluence only the thinner materials will be irradiated. 
Overview of the irradiation campaign
75
The first irradiation step has already been carried out and different materials were irradiated with 1 MeV neutrons 76 from the reactor in Ljubljana and with 25 MeV protons from the cyclotron in Karlsruhe. The particle fluence for the 77 neutron irradiation was 4 · 10 14 n eq cm −2 , and it was 3 · 10 14 n eq cm −2 for the proton irradiation. Short term annealing of 
Short term annealing results
89
There are no changes observed after irradiation for the interstrip capacitance and also no differences for the dielec- 
Summary and Outlook
